Impact of the interruption of a large heart failure regional disease management programme on hospital admission rates: a population-based study Heart failure (HF) is a major public health problem, affecting approximately 1% to 2% of the adult population in developed countries, and up to ≥10% in people aged 70 years or more.
1 The HF syndrome is characterized by repeated hospitalizations and high mortality. 2 It is the main cause of hospitalization for patients over the age of 65 in developed countries, with a death rate reaching 25% during the first year after hospital discharge. 3 Moreover, the cost of HF accounts for 1% to 2% of total health care expenditures, and it is largely driven by hospitalization. 4 Therefore, preventing HF hospitalizations is a major health care objective. HF disease management programmes (HF-DMPs) are based on structured follow-up, patient education, optimization of medical treatment, psychosocial support, and improved access to care. Their efficacy has been proven with the highest level of evidence through meta-analyses of randomized controlled trials (level of evidence A). Accordingly, they are strongly recommended (grade I) in HF guidelines to reduce the risk of chronic HF hospitalization. 2, 5 In France, a regional HF-DMP (ICALOR programme) was established in 2006 in Lorraine, applying all major components of recommended DMPs as per European Society of Cardiology guidelines. Patients were eligible for enrolment upon discharge from a hospitalization for HF, received intense and recurrent education upon and after discharge and received specially trained HF nurses' home visits, eight times a year on average. All routine medical data were captured on an electronic medical record accessible to health care professionals identified by the patients. These received and acted upon automatic alerts prompted by meaningful change in a prospectively defined core set of relevant data. A coordination staff monitored compliance of stakeholders with the programme. Recruiting centres included all main public and private hospitals and cardiology practices in Lorraine (2.3 million inhabitants). Consistent with pre-existing evidence, the ICALOR programme was proven to decrease both HF hospitalizations 6 and all-cause mortality, 7 stabilizing HF hospitalization rate progression in Lorraine, whereas those observed overall in France progressed by approximately 3.5% annually. These results were in line with the results of previous randomized trials, and confirmed the substantial benefit of HF-DMP on both outcomes of interest in an unselected population of chronic HF patients using observational designs. However, although the programme was cost-effective, 6 changes in health policy led regional French health authorities to stop ICALOR funding, resulting in a cessation of inclusion and follow-up in the HF-DMP by the end of 2013. This observational real-life study offers a unique opportunity testing an Off-On-Off design using medico-administrative data to assess the effectiveness of complex health interventions. The objective of this study was to assess the impact of ICALOR cessation on HF hospitalization rates in the Lorraine region as compared to the rest of France, where no such large DMP was implemented. We hypothesized that HF readmission rates should increase in the Lorraine region after the cessation of ICALOR, catching up with the overall rate in France.
Methods
This comparative Off-On-Off interrupted time series study was based on data from an anonymous national comprehensive database.
Methods were similar to that used in the first study assessing ICALOR effectiveness 6 with six additional later time points, i.e. every year from 2010 to 2016. Briefly, data from the national diagnostic related group (DRG), a nationwide comprehensive database (Programme de Médicalisation des Systèmes d'Information, PMSI) were used. 8 HF hospitalization was defined by the ICD-10 code I50 as the main diagnosis. All discharge summaries related to HF hospitalizations between 1 January 1999 and 31 December 2016 in all residents in France were included.
Statistical analysis
The annual numbers of HF hospitalizations were identified for the Lorraine region and compared to all other regions in France. Both spatial series were normalized such that they start with the same value (100) in 1999. In all the other regions than Lorraine the model assumed that the hospital admission rate increased linearly over time (from 1999 to 2016) with a constant increase.
In
Economic study
The potential economic impact of the ICALOR programme has been estimated by subtracting the cost of operating ICALOR from the estimated costs saved by the avoided hospitalizations. 6 In order to assess the economic impact of a potential generalization, a scenario of extrapolation of these economic results observed in Lorraine to the entire nation was set up, assuming coverage of 80%, a cost per hospitalization of € 4511, a fixed coordination cost per region of € 450 000, and a marginal cost per patient of € 723. 6 
Results
The estimated coverage of ICALOR was 25% in 2012. Baseline characteristics of the first 1223 included patients were as following: a total of 800 (65%) patients were male. The median age at inclusion was 76.0 [interquartile range (IQR) 66.0-81.0] years. The most frequent underlying heart diseases were coronary heart disease (41%), dilated cardiomyopathy (22%), and hypertensive cardiomyopathy (16%). Most patients presented with New York Heart Association class II (48%) or class III (32%) symptoms at enrolment, and the median left ventricular ejection fraction (LVEF) was 35% (IQR 28-46%), 51% of patients had a LVEF <40%. HF medications and device therapy at discharge consisted of renin-angiotensin system inhibitors (76%),
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On-period Second Off-period Figure 1 Trends of heart failure hospitalizations in Lorraine and France (without Lorraine) over the period 1999 to 2016: a national observation study using medico-administrative data.
beta-blockers (58%), mineralocorticoid receptor antagonists (30%), diuretics (83%), and implantable cardioverter-defibrillator (11%). 6 Over the observation period, a cumulated total number of 3 429 989 HF hospitalizations were registered in all the other regions than Lorraine France and 133 803 in the Lorraine region, resulting in an average of 190 555 and 7434 HF hospitalizations per year, respectively. The estimated increase in all the other regions than Lorraine France, i.e. the slope of the estimated model, was 3.97% per year (Figure 1) .
Through the three periods, the following results were observed: (i) before ICALOR implementation (from 1999 to 2005, first Off-period), the annual HF hospitalization increase observed in Lorraine did not differ from that observed in the rest of France (+2.90% vs. +3.97%, P = 0.95); (ii) during the ICALOR active implementation period (from 2006 to 2013, On-period), a slowdown was observed for HF hospitalizations in Lorraine; the estimated increase during this period was statistically slower than the one observed in the rest of France (0.79% vs. +3.97%, P < 0.001); (iii) after ICALOR cessation (from 2014 to 2016, second Off-period), the annual HF hospitalization increase observed in Lorraine did not differ from that observed in the rest of France (3.24% vs. 3.97%, P = 0.70), and was faster than that observed during the previous On-period in the Lorraine region.
The national extra cost of implementing the ICALOR programme would be € 61 108 000/year in addition to the cost of usual care. The estimated savings in hospital costs would be € 235 189 000/year. Accordingly, the national net estimated savings associated with the programme would be € 174 081 000/year.
Discussion
This national study, using a large comprehensive database including more than 3 million hospitalizations, with a long follow-up duration, shows very clear results confirming the effectiveness of a multidimensional HF-DMP on HF hospitalizations. This evaluation confirms also that the programme is cost-saving from the health system point of view. The potential benefit of the programme was estimated at minus 1533 hospitalizations in 2013 (16% of chronic HF hospitalizations in the region). 6 This benefit stopped right after the programme interruption and therefore suggests a deleterious impact of this ill-advised interruption on HF patients' health among Lorraine citizens.
This very marked on/off/on temporal evolution is in fact a strong argument that supports the effectiveness of the intervention. These results confirm the recommendations in favour of multidisciplinary health care programmes, 2,5 based on numerous trials and studies in experimental conditions or real life on a smaller scale. 9 -11 Our study highlights the value of multidimensional HF-DMPs at the population level, from the point of view of the organization of the health system. It is therefore necessary to integrate this type of care and to generalize it to all patients, beyond the limited existing programmes in certain centres (e.g. in France only 5% of HF patients benefited from an education programme, 12 this activity being left to the initiative of the hospitals without real strong incentives). In this typical case of DMP, grade I-level of evidence A health interventions cannot be implemented without a strong buy in and support from policy makers, driving the needed, yet feasible and cost-effective changes in health care organization. Indeed, beyond the experiments and local initiatives, such programmes cannot be generalized without political will.
Our study shows the overall effectiveness of the programme. However, it does not allow for a mechanistic analysis examining the efficacy of each of the components of the multidimensional programme and their potentially synergistic effects.
From a methodological point of view, our results emphasize the interest, the feasibility and the low cost of quasi-experimental designs using medico-administrative data in effectiveness research. Since their definition by Campbell and Stanley in 1963, 13 these designs have been a major tool for health policy research. 14 Now, the ease of access to large databases allows a greater use of these designs in clinical research, in addition to randomized clinical trials, for evaluating efficacy from a population perspective. Results from these studies might be helpful for public health decision-making regarding complex interventions.
